ABSTRACT A slow reacting substance produced by rat basophilic leukemia cells, treated with ionophore A23187, was characterized by spectroscopic methods, enzymatic conversions, and chemical degradations as 5-hydroxy--S-cysteinylglycyl-7,9,11,14-eicosatetraenoic acid (leukotriene D). y-Glutamyltranspeptidase ['y-glutamyltransferase; (5-glutamyl)-peptide:
7,9,11,14-eicosatetraenoic acid (leukotriene D). y-Glutamyltranspeptidase ['y-glutamyltransferase; (5-glutamyl)-peptide:
amino-acid 5-glutamyltransferase, EC 2.3.2.2] converted leukotriene C to a product identical to leukotriene D. This suggests that the stereochemistry of the arachidonyl moiety of leukotrienes C and D is the same l5(S)-6(R)7,9-trans-11,14-cis]. Leukotriene D induces a faster contraction and, on a molar basis, is more potent than leukotriene C in the -isolated guinea pig ileum bioassay.
"Slow reacting substance" (SRS) is a smooth muscle-contracting activity released from lungs (1-7) and other tissues and cells (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) by certain stimuli. Immunological release of SRS was first reported in 1940 (2) . Subsequent work has indicated that SRS mediates bronchoconstriction in asthma and other symptoms of immediate hypersensitivity (reviewed in refs. 19 and 20) .
Recently, the structure of a slow reacting substance from murine mastocytoma cells was elucidated (21) (22) (23) . This SRS is a hydroxylated derivative of arachidonic acid with a tripeptide (glutathione) substituent. The molecule has characteristic ultraviolet absorbance around 280 nm, due to a conjugated triene, and has been named leukotriene C (24) .
The present report deals with the structure of a slow reacting substance from rat basophilic leukemia cells. Incubation Conditions. Cells were harvested by centrifugation (400 X g, 10 min), washed once in incubation buffer (150 mM NaCl/3.7 mM KCI/3.0 mM Na2HPO4/3.5 mM KH2PO4/0.9 mM CaC12/5.6 mM dextrose, adjusted to pH 7.0 with NaOH), and suspended in this buffer to 107 cells per ml. After addition of cysteine (10 mM), the cell suspension was incubated for 2 min at 37°C. Tonophore A23187, dissolved in ethanol, was added (10 ,g/ml) and the incubation was continued with gentle shaking for 20 (1 ,uM) and mepyramine maleate (1 ,uM). The SRS antagonist FPL 55712, added to 14 ng/ml at maximal contraction of the ileum, caused immediate relaxation (see Fig. 3 ). Leukotrienes were added as 2.5 ,uM solutions in HPLC mobile phase.
MATERIALS AND METHODS
Conversions by Lipoxygenase. Leukotriene (2 ,uM) in Tyrode's buffer was treated with soybean lipoxygenase (10 ,ug/ml).
Ultraviolet spectra were recorded before addition of enzyme and after various times of incubation at 20°C, with a Cary 219 instrument.
Conversions by y-Glutamyltranspeptidase. Leukotriene C (90 ,uM) in 0.1 M Tris-HCl buffer (pH 8.5), containing 10 mM Mg9l2 and y-glutamyltranspeptidase (0.2 mg/ml), was incubated at 370C for 30 min. One volume of methanol containing 0.5% acetic acid was added and the mixture was subjected to HPLC on C18 Polygosil.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 NH2-terminal analyses were performed by dansylation (25) and sequence determinations by the dansyl Edman procedure (25, 26) . Dansyl-amino acids were identified by thin-layer chromatography on polyamide layers in four systems (27) .
Desulfurizations with Raney nickel (W-2) were performed in ethanol at 70°C for 30 min (21) . Water and HCO to pH 3 were added and the mixture was extracted with diethyl ether. The extracted material was esterified with diazomethane and trimethylsilylated prior to analyses by gas-liquid chromatography/mass spectrometry, by use of an LKB 9000 S instrument with a PDP 8 1 computer (Digital Equipment) and a column containing 1.6% OV-1 as stationary phase. RESULTS RBL Leukotriene. When treated with L-cysteine and ionophore A23187, RBL cells produced an SRS that was eluted prior to leukotriene C on silicic acid chromatography [50% (vol/vol) methanol in ethyl acetate as compared to methanol, see ref . 21] . The elution time of this SRS on HPLC was also longer than the elution time of leukotriene C (46 min compared to 32 min with C18 Polygosil). The ultraviolet spectrum of the RBL SRS (Fig. 1) has an absorbance maximum at 280 and shoulders at 270 and 292 nm.
Desulfurization of RBL SRS with Raney nickel gave 5-hydroxyeicosanoic acid, identified by gas-liquid chromatography/mass spectrometry of the trimethylsilyl ether, methyl ester (22) . This may be due to decomposition of cysteine during hydrolyses and incomplete cleavage of the C * S bond at C-6 of the leukotriene. One step of Edman degradation gave glycine. Dansyl glycine was not obtained by
NH2-terminal analysis of RBL SRS.
Treatment of RBL SRS with soybean lipoxygenase gave a similar spectral change (Fig. 2) as previously reported for leukotriene C (21). The reaction was complete after 10 min as compared to 30 min for leukotriene C with the same enzyme and substrate concentrations (23 Recordings of contractions of guinea pig ileum after addition of leukotriene C (LTC), SRS from RBL cells, and the -y-glutamyltranspeptidase product of leukotriene C to the organ bath. Fig. 3 shows the contractile response of guinea pig ileum to RBL SRS. The time required to reach half-maximal contraction was approximately half of that of leukotriene C and the response was completely antagonized by FPL 55712. Dose-response curves (Fig. 4) showed that the RBL SRS was more potent than leukotriene C in this bioassay.
Conversion of Leukotriene C to RBL SRS. Incubation of leukotriene C with y-glutamyltranspeptidase gave a less polar product (elution time on C18 Polygosil, 46 min; Fig. 5 ). Amino acid analysis (Table 1) showed that the glutamic acid residue in leukotriene C had been removed. Glycine was obtained after one step of Edman degradation.
The ultraviolet spectrum (Fig. 1) , the spectral change observed upon treatment with soybean lipoxygenase (Fig. 2) , the contractile response on guinea pig ileum (Figs. 3 and 4) , and the chromatographic behavior on C18 Polygosil HPLC (Fig. 5) were indistinguishable from the corresponding properties of RBL SRS. DISCUSSION RBL cells produce a slow reacting substance resembling SRS formed by immunological or nonimmunological stimulation of rat, cat, and human tissues (15) . Experiments on precursor substances of RBL SRS have been reported (16, 17) as well as heterogeneity of this SRS (17) .
The present results show that RBL cells produce an SRS with an ultraviolet spectrum identical to that of leukotriene C (21 21 ). The C-6 substituent of leukotriene C was recently identified as glutathione (22) . Amino SRS from RBL cells indicated that the amino acid part of the molecule is cysteinylglycine. The structure of the RBL SRS is therefore 5-hydroxy-6-S-cysteinylglycyl-7,9,11,14-eicosatetraenoic acid (leukotriene D, Fig. 6 ).
Glutathione and glutathione conjugates are converted by 'y-glutamyltranspeptidase, a membrane-bound enzyme of widespread occurrence, to cysteinylglycine and cysteinylglycine conjugates (reviewed in ref. 28 ). Incubation of leukotriene C with this enzyme led to the formation of a product that was identical to the RBL SRS. The comparisons were performed by ultraviolet spectroscopy, amino acid and sequence analyses, conversion by soybean lipoxygenase, HPLC, and bioassay. The last three methods differentiate between stereoisomers of leukotriene C (23). It seems reasonable to assume that stereoisomers of leukotriene D would be distinguishable by the same criteria and that the stereochemistry of the arachidonyl moiety of leukotrienes C and D is the same [5(S)-6(R)-7,9-trans-11,14-cis; see Fig. 6 ]. An unstable epoxide formed from arachidonic acid in leukocytes (leukotriene A, Fig. 6 and refs. 29 and 30 ) has been proposed to be a precursor of leukotriene C (21, 31). The conversion of leukotriene C to leukotriene D by y-glutamyltranspeptidase, demonstrated here, suggests that leukotrienes A and C are intermediates in the biosynthesis of leukotriene D (Fig.  6 ). The higher potency of leukotriene D as compared with leukotriene C in the guinea pig ileum assay indicates that leukotriene D might be a biologically important mediator.
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